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Abstract

An interface between two NASA GRC specialty codes, NESTEM and QRAS has been
developed. This interface enables users to estimate, in advance, the risk of failure of a
component, a subsystem, and/or a system under given operating conditions. This
capability would be able to provide a needed input for estimating the success rate for any
mission.

NESTEM code, under development for the last 15 years at NASA Glenn Research
Center, has the capability of estimating probability of failure of components under
varying loading and environmental conditions. This code performs sensitivity analysis of
all the input variables and provides their influence on the response variables in the form
of cumulative distribution functions.

QRAS, also developed by NASA, assesses risk of failure of a system or a mission based
on the quantitative information provided by NESTEM or other similar codes, and user
provided fault tree and modes of failure.

This paper will describe briefly, the capabilities of the NESTEM, QRAS and the

interface. Also, in this presentation we will describe stepwise process the interface uses
using an example.
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Failure Modes and Uncertainties

NESTEM mes

APNASA/NASTRAN L

*NESTEM interfaces with APNASA/ANSYS or NASTRAN.
*Visual results in ANSYS environment

*QRAS for engine system Probabilistic Risk Assessment (PRA).

N&R ENGINEERING



ONTIIANIONH d¥N

201

NASA/CP—2002-211682



JUIUISSISSY
A »

[1qe1Ry 10]
HoyBuULIOJU]

asuodsay
[ean)onys
i

» panpie

(1psua.ns)
UB)SIS

IUI.LINII ()
o Aprqeqoag

ONTIIANIONH d¥N

[RULIDY I
[BLI2)RJA] PUE AX)2UI0IN) o

J0TARYY
S[BLIBIAI
onsiqeqoad

[eITURYIIA

SpeoT dDSIIqeqoL]

9po)) SISA[eUY [BIMONIIS/IRJSURI [ 1BOH 21siIqeqold Areurjdosipnny

202

NASA/CP—2002-211682



CS9T1C-200T—dD/VSVN

£0T

NESTEM
INPUT

MODEL
GENERATION
REQUESTED

MATERIALS
PROPERTIES
REQUESTED

CALL
GEOMETRY
MODULE

CALL
PROPERTIES
MODULE

N&R ENGINEERING

CREATE NODAL
AND ELEMENT
DATA

CREATE
PROPERTIES
DATA




ONTIIANIONH d¥N

s3suodsau [eanjonays uo speoy
[RULIOY) pUE [BIIURYIIW ‘A1)owodd pue sanaddoad
[ELId)BUW Ul S91UIRLIIUN JO SddUdIN[JuUI sdynueng).

S[qRLIBA JJJSur.I) JBIY
suiqan)aad Aq sisAjeue y1eay sijIqeqoad SuLIofId .

s9ysodurod Jo dased ui sanaadoad
JuUININSu0d woaj sanaadoad deurwe] s3JRIIUIN).

NVULSVN 10 SASNYV SE JIns SIpod [BIIIWWOD W)
[9POW JUIWIAD Jj1ulj & 3aoduil 0] SIISN SMO[[R A0 SIJRIIUID).

204

NASA/CP—2002-211682



ONTIIANIONH d¥N

JAI}IIJ 1509
3U13q 10} [BINIII ST UOBULIOJUI SIY [, "SId[qeLIvA dsuodsaa
U0 SIDUIN[JUI AIAY) JO JIP.I0 Y] Ul SI[QRLIBA [[B SYHURBY.

INPaY s
ddueuduiew uidoPAdp pue YSLI [qeMO[[e 10 }S0D “dInjie}

JO YSII GUISSISSE .10 [NJISN AUIA ST UOI)RULIOJUIT SIY

sd[qeraeA dsuodsaua

Ul UOIJBLIBA JO sdgue.d 9)91duiod sopraoad danyedy siy I,
*S9IJUILLIIUN JO SAUAIN[JuI payypuenb uo paseq sd|qeLIvA
asuodsaua ay) Jo suonnqrysip Apqeqo.ad sdjvadudn).

205

NASA/CP—2002-211682



ONTIIANIONH d¥N

suriopyejd uone)SHI0M pue HJ U0 SHIOAN

JUI WU OJIAUD PIJII]IS S JIsTt Ul S}[NSaa $9s$3%0.ad )sode

SuIpeOo] WOPUR. I0] JI] InGIJRJ SABWIISH e

206

NASA/CP—2002-211682



N&R ENGINEERING

)
£
@)
o
<
-+~
©
[72]
(7]
()
=
)]
—
O
g
(78]
—
O
—-—
&)
©
L
=
=
=
[72]
c
)
)]

™~
o

NASA/CP—2002-211682 207



NASA/CP—2002-211682

208

)
=
o'
0
[
o
z
0
o
3
Z




Sigle
b

10K

¥
i
i
¥
T
T
T
)
)
¥
¥

£3

aiow |

gel 0 g
g o a-n
SPUOYSS Uil

ONTIIANIONH d¥N

sunjied plom
plojiueny jo

qeqoid

Boesg

FIZZON
DAL

soelyl
X3H
dlddl
d1OdH

Aysisseid wisisAsgng/usweiy

209

NASA/CP—2002-211682



ONTIIANIONH d¥N

wiBieig sausnbes usay

S9IE)IAED 0} MOj}
ol deli 10 8801

L00-O1-dMIN

¢, do JuoIssiw |
[n§sseoang BAIAINS 0] ybnoua
[lewsS 3oelo s|

1003 1-dMIN L00-O0-dMIN alnje4
LRMDBUS %001 ¢{,9IqEOSI8p PIOM
Jledau sj NoBII S|

210

NASA/CP—2002-211682



ONTIIANIONH d¥N

JUIMIREIEEY NSIY SLSHIGQEOOL]

*0)9 ‘wid)sAsgng UIYNIM €
JuswvIg UIYNM "2

9NYS 241JUd JBAQ L

poyuey Sysiy

wajsAsqng ‘¢

Juswdlg 7
a|nys adedg |

Kq Sysiy

211

NASA/CP—2002-211682



ONTIIANIONH d¥N

J0)UOTA “qIA uonsdsuy sanpie q
Aq pajvro(q £q pajaor(q ansney
JON PRI THd JON RRI) FHd I

‘YISUI X
Jo Yorda e Suipug Qﬂwmu-wrm

jou jo Ajpqeqoag
"IN000 UBD A9} UOISSIW
AU} Ul UdyM 0] Se paljipuenb are SOPOW dIN[Ie,] "SIUSAS Sunesniu
1]} 0] pUk SOPOW dIN[IB] Y} 0] PAUTISSE Ik SANI[IqRJOI]

(*930 ‘ejEp PIOL ‘BIBP 1SN QoUALIAAXD INALSAN Suis)

212

NASA/CP—2002-211682



ONTIIANIONH d¥N

213

NASA/CP—2002-211682



CS9T1C-200T—dD/VSVN

14%4

Create QRAS Database

sFault tree
«Mission timeline Risk of Failure from other Sources

*Event sequence diagrams
+Failure modes

*Quantify risk of failure Risk of Failure from NESTEM
analysis

Update the QRAS database using
NESTEM output

QRAS analysis

* Risk of failure

+ L oss of mission

« Mission success

» Sensitivity Analysis
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